Background/Aims: The anti-inflammatory activity of 3-aminobenzamide (3-AB) has been shown via histopathology and immunohistochemistry in various colitis models. We aimed to study the effects of 3-AB on tissue mechanical endurance and, associatively, preventing perforation in colitis. Materials and Methods: Thirty male Wistar albino rats were randomly divided into three groups. Rectal saline was administered to Group 1 (sham + saline). Rectal trinitrobenzensulphonic acid was applied to induce colitis in Group 2 (colitis + saline) and Group 3 (colitis + 3-AB). Groups 1 and 2 were treated intraperitoneally with saline (1 ml every 12 hours) and Group 3 was treated with 3-AB (10 mg/kg every 12 hours). After seven days, rats were sacrificed and colon lipid peroxidation levels, the serum tumor necrosis factor alpha (TNF-α) level, bowel bursting pressures, and bowel wall tensions were measured. Results: Bowel bursting pressure in Group 2 was significantly lower than in Groups 1 and 3 (p<0.001 for both groups). Bowel wall tension in Group 2 was significantly lower than in Groups 1 and 3 (p<0.001 for both groups). There were no significant differences between groups for serum TNF-α levels. For lipid peroxidation, malondialdehyde (MDA) levels were increased in Groups 2 and 3 compared to Group 1. Conclusion: 3-AB may aid prevention of perforations that develop in inflammatory bowel disease, requiring surgical treatment.
INTRODUCTION
The etiology of inflammatory bowel disease (IBD) is not fully known (1) . The aim of current IBD treatment is to initiate and maintain disease remission and to promote recovery from secondary effects rather than healing underlying pathogenic mechanisms (2) . IBD therapies attempt to achieve remission without steroids, to prevent complications, to reduce surgeries required after complications arise, and to prevent disease recurrence (3, 4) .
Spontaneous perforations are one complication arising from IBD that, though rare, may be fatal. The incidence of perforations in patients with IBD is approximately 2% (5, 6) .
Anti-inflammatory pharmacological agents are frequently used in the treatment of IBD. The anti-inflammatory activity of 3-aminobenzamide (3-AB), a poly (ADP-ribose) polymerase-1 (PARP-1) enzyme inhibitor, has been shown but the agent has not been utilized to treat IBD (7) . Phase 1 and 2 clinical trials continue for various PARP inhibitor agents to treat solid tumors, cancers, and cardiovascular diseases (8) .
The 3-AB agent is used in laboratory research as a PARP-1 inhibitor but has a low action potential and is nonspecific (7, 9) . PARP-1 is a nuclear protein that functions in DNA-repair. At the same time, it is caused in transcription of pro-inflammatory genes. Therefore; it consumes cellular energy, resulting in cell dysfunction and tissue necrosis. PARP-1 inhibition therefore has the potential to increase cytotoxicity of DNA damage-inducing anti-cancer medications by blocking DNA repair, to reduce necrosis that factors into stroke or myocardial infarction, and to downregulate many pathways of inflammation and tissue injury that cause conditions such as colitis and diabetic complications (8) .
The effects of PARP inhibitors on colitis models were demonstrated histopathologically and immunohistochemically (10) (11) (12) (13) . However, considering that IBD etiology is not completely known and that PARP inhibitors have complicated mechanisms of action, the impacts of PARP inhibitors on clinical disease treatment remain unknown.
In our study, 3-AB was used as a therapeutic in a rat model of colitis induced by trinitrobenzensulphonic acid (TNBS). Bowel wall tension (BWT) and bursting pressure (BP) were evaluated to show the therapeutic and protective impact of 3-AB against perforations, which are a complication of IBD.
MATERIALS AND METHODS
This study was approved by the Ankara Training and Research Hospital Education, Planning, Coordination, and Ethic Committee and performed in accordance with the National Institutes of Health guidelines for the care and handling of animals.
Stabilization period for animals
Thirty male Wistar albino rats weighing between 250 and 300 grams were obtained from the Ankara Training and Research Hospital (Ankara, Turkey) for this study. Rats were divided into 3 groups of 10 animals each and held in 3 separate cages throughout the study with 12-hour light/dark cycles. Daily standard cage cleanings were performed. Rats in all groups were fed with standard fodder. Fodder was stopped and rats were given only water 24 hours before TNBS or saline were rectally administered.
Induction of colitis
An 80 mg dose of ketamine (Ketalar R, Flakon 50 mg/mL, Pfizer; Turkey) and 4 mg/kg of 2% xylazine (Rompun R, injection solution 23.32 mg/mL, Bayer; Turkey) were intramuscularly administered as a general anesthesia. Colitis was induced with 0.8 ml of 5% (40 mg) TNBS (Sigma Chemical Co; St. Louis, MO, USA) mixed with 0.4 ml of pure ethanol (GATA Biochemistry Laboratory, Ankara; Turkey) administered rectally (14) .
The TNBS-ethanol mixture was slowly administered using a 0.7 mm diameter polyethylene catheter inserted 8 cm into the anus. Rats were held vertically for 30 seconds to allow the substance to spread on the colon surface (14) .
Study design and protocol
Group 1 sham + saline (n=10), (1 mL saline injected intraperitoneally [i.p.] every 12 hours, 1.2 ml of saline rectally).
Group 2 colitis + saline (n=10), (1 mL saline, i.p. every 12 hours, 1.2 ml of TNBS-ethanol rectally).
Group 3 colitis + 3-AB (Sigma; St. Louis, MO, USA) (n=10), (10 mg/kg 3-AB, i.p. every 12 hours, 1.2 ml of TNBS ethanol rectally).
A dose of 10 mg/mL of 3-AB (Sigma; St.Louis, MO, USA) was procured in order to give to treatment group and protected at +4 ºC until the experiment.
Treatments were initiated 24 hours before induction of colitis (15) and continued for 7 days. Intraperitoneal injections were performed slowly with an insulin injector into the right, lower peritoneum.
Measurement of BP and BWT
General anesthesia was applied before euthanizing the animals by cervical dislocation at the end of the 7 th day of the study. Laparotomy was conducted on each animal in the supine position with a median incision.
The colitis segment plus the healthy colon 2 cm proximal and distal to the colitis segment were removed from subjects in Groups 2 and 3 and a 6 cm rectal segment was removed from subjects in Group 1. Colitis was defined as colon segments with macroscopically visible mucosal focal hyperemia, ulceration, or thickened colon wall (16) . The fecal content was removed both mechanically and with serum physiologic solution. Two catheters were inserted toward the lumen from the proximal and distal ends of the resected colon and the lumen was bound with a 0.0 silk suture over the catheter. Serum physiologic solution was introduced into the lumen from the proximal catheter at 2 ml/min using an infusion pump and a cannula with a one-way valve. A standard infusion pump was used to form intracolonic pressure, which was increased at a fixed speed. The pressure was monitored via a one-way valve placed distally. BP was measured using a monitor system (PETAŞ, KMA R 900 Ankara; Turkey).
The colon bursting moment was defined as the moment of a sudden pressure drop. The highest pressure at that moment was recorded as the colon bursting pressure. The bowel was then longitudinally opened, the colon wall circumference was measured from the region where the perforation developed, and the colon diameter was calculated. BWT was calculated according to Laplace's law.
BWT (dyn/cm)=K (1.33 x 10³ dyn/cm²/mmHg) x BP (mmHg) x diameter (cm) (14) .
Biochemical analysis
Tissue malondialdehyde (MDA) levels as a marker of lipid peroxidation, which is related to colitis disease severity, were analyzed using the thiobarbituric acid reactive substances (TBARS) assay and the novel radical formation analysis method of Mihara and Uchiyama (17) . Colon tissues were homogenized with cold 1.5% potassium chloride to make a 10% homogenate for MDA analyses. Three ml of 1% phosphoric acid and 1 ml of 0.6% thio-barbituric acid (TBA) aqueous solution were added to 0.5 mL of 10% homogenate. The mixture was heated for 45 min and, after cooling, 4 mL of n-butanol was added and mixed. Absorbance was measured at 535 and 520 nm. The difference of the two measurements defined the level of MDA (nmoL/g tissue).
Tumor necrosis factor alpha (TNF-α) levels were also analyzed from serum samples by enzyme-linked immunosorbent assay (Rat TNF-α ELISA, Biosource) as a marker of inflammation.
Statistical analysis
Data analysis was performed using the SPSS 11.5 statıstıcal software package (SPSS, Chicago, IL, USA). Descriptive statistics were given as mean±standard deviation. Significance of the average differences between groups was assessed using oneway Analysis of Variance (ANOVA) and the Mann Whitney U test. When one-way ANOVA was determined to be significant, Tukey's range test from post-hoc tests was used to identify the group causing the difference. Results where p<0.05 were considered statistically significant.
RESULTS
Colitis was observed in an approximately 2 cm area of the colon maximally 10 cm proximal to the rectum in Groups 2 and 3.
For all experimental groups, BP as well as colon circumference and diameter were recorded and BWT was calculated according to Laplace's law.
BP at the moment of perforation in Group 2 (mean 87.1±9.46 mmHg) was significantly lower than that in Groups 1 and 3 (143.1±19.85 mmHg and 138.3±29.26, respectively) (p<0.001 for both groups). No significant difference was found between Groups 1 and 3 (p=0.889) (Table 1, Figure 1 ).
BWT at the moment of perforation in Group 2 (mean 0.36±0.038 dyn/cm.10ˉ⁵) was significantly lower than Groups 1 and 3 (mean 0.66±0.070 dyn/cm.10ˉ⁵ and 0.66±0.17 dyn/cm.10ˉ⁵, respectively) (p<0.001 for both groups). No significant difference was found between Groups 1 and 3 (p=0.994) (Table 1, Figure 2 ). A significant correlation between BP and BWT was found in all groups. It can therefore be inferred that diameter values were comparable between groups.
MDA levels were significantly increased in Group 2 (1.00±0.23 nmol/g tissue) and Group 3 (1.20±0.34 nmol/g tissue) compared to Group 1 (0.76±0.13 nmol/g tissue) (=0.006 and =0.003, respectively) ( Figure 3) . No significant differences were observed between Group 1 (36.51±6.89 pg/mL), Group 2 (36.52±7.14 pg/mL), and Group 3 (34.86±5.89 pg/mL) for serum TNF-a levels.
DISCUSSION

IBD is a heterogeneous disease with multiple etiologies (18).
It is currently thought that the destructive activity of reactive oxygen and nitrogen radicals and overproduction of pro- and hypochlorous acid and release of the enzyme myeloperoxidase (MPO) (22, 23) . A growing body of evidence indicates that increased production of oxidants due to neutrophil accumulation in the colonic mucosa may be the underlying cause of mucosal ulcerations in IBD (24) . Excessive production of oxidants has been well described in the plasma, colonic mucosa, and peripheral blood leukocytes of IBD patients (24, 25) . In addition, oxidant activity was found to be correlated with IBD activity (24) . In our study, we also observed an increase in lipid peroxidation products (MDA levels) in both colitis groups. We expected to find decreased MDA levels in the 3-AB treatment group but measured the same levels as the untreated colitis group. A different study evaluated the systemic effect of oxidative stress in experimental colitis, reporting that increased MDA and decreased glutathione (GSH) levels are present in pancreatic tissue as well as colonic mucosa (26) . It has also been shown that activated inflammatory cells in the colon are capable of producing a number of circulating cytokines including interleukin 1, interleukin 6, and TNF-α, which can regulate endothelial cell adhesion molecules and increase neutrophil accumulation (27) . Although we did not observe statistically significant differences between the TNF-α levels in the groups, there was a slight decrease in TNF-α in Group 3 compared to Group 2. PARP inhibitors have been shown to have anti-inflammatory activities and the lack of observed anti-inflammatory effects in our study could be due to the dose and treatment duration.
IBD can induce various complications, including perforations, which can require emergency surgical treatment. Bowel perforation occurs where transmural involvement is present, as in Crohn's disease, or from inflamed and dilated areas, as in ulcerative colitis. Treatment of the acute phase of the disease and disease remission will reduce these and similar complications. Crohn's disease is characterized by a transmural intestinal inflammatory process where deep ulcers are found accompanied by abscesses and fistulae. Adhesion to intestinal and nonintestinal structures is also frequently observed (6) . In Crohn's disease, histopathological findings showed that perforations are the result of increases in intraluminal pressure because of impaired circulation to mucosa and strictures (28) . In ulcerative colitis, perforations usually occur as a result of toxic dilatation (5) . In ulcerative colitis, inflammation is limited to the mucosa. Sometimes active inflammation progresses into the submucosa and acute ischemic changes cause development of toxic megacolon (29) .
Studies using TNBS colitis models have demonstrated the antiinflammatory activity of PARP inhibitors in the bowel macroscopically, pathologically, and immunohistochemically (7). TNBS nearly always induces transmural colitis (15) . This full-thickness intestinal involvement allows induction of perforations similar to those found in Crohn's disease. However, this is not a true model of ulcerative colitis.
In a study by Rabau et al. (14) , BP and BWT measurements were compared in a rat model of TNBS-induced colitis with groups with and without anastomosis. BP and BWT values were found to be significantly lower in animals with colitis without anastomosis compared to animals with normal colons without anastomosis. Thus, it was determined to be suitable to measure differences in BP and BWT in animals with colitis compared to those without, as in our study.
Cochrane et al. (30) studied the relationship between formation time of various cytotoxic free radicals and the time of PARP activation. They showed that cell death can be prevented by PARP activity reduction when catalase is added into the environment in the first 30 minutes of H 2 O 2 inducing cell death. In our study, therefore, 3-AB treatment was initiated prior to inducing colitis.
The effect of 3-AB on normalizing BP and BWT may depend on its anti-inflammatory activity, its effect preventing oxidative injury in epithelium cells, and its effect strengthening the intestinal mucosal barrier contributing to increased resistance of the colon wall (7, 13) . Reducing perforation can also protect against abscesses and internal fistulae, which develop secondary to perforation.
Zingarelli et al. (10) showed that treatment with 10 mg/kg 3-AB i.p. twice daily for a week in a rat colitis model resulted in a statistically significant regression of colon injury as detected both macroscopically and histopathologically compared to untreated animals with colitis. Tissue MPO levels decreased, and nuclear localization of the two main transcription factors for inflammation signal production, Nuclear Factor kappa B (NF-KB) and activator protein-1 (AP-1), was reduced. Mabley et al. (12) showed pronounced protective effects of PJ34, a specific PARP inhibitor, against colon injury, lipid peroxidation, neutrophil infiltration, and mortality in a colitis model induced by dextran The effect of PARP on intestinal epithelial barrier functions is an active process and highly dependent on cellular ATP concentrations (32) . PARP-dependent epithelial dysfunction causes intestinal hyperpermeability and bacterial translocation through the bowel increases (33) . In an acute necrotizing pancreatitis model, 3-AB treatment reduced intestinal bacterial translocation along with oxidative stress parameters (34) . This effect of PARP inhibitors on intestinal epithelium can also prevent perforations developing secondary to abscesses and fistulae on the intestinal wall during the course of disease progression.
Even though the therapeutic effect of PARP inhibitors was shown in experimental colitis models, further study is needed to understand the molecular mechanisms of this class of medications (10, 35) .
This study is a mechanical crosscheck of positive effects of 3-AB against colitis demonstrated in other studies via immunohistochemistry. In a rat model of colitis initiated by TNBS, 3-AB significantly increased BP and BWT. Though the mechanism of action is complicated, increased BP and BWT is a practical indicator of the therapeutic activity of PARP inhibitors on colitis and the preventative activity on perforations.
Future studies are needed to address whether 3-AB provides advantages over other treatments for prevention of colon perforation and in what stages of the disease treatment is successful. Since there are multiple mechanisms of action of PARP inhibitors and the etiology of IBD is not completely understood, further studies are needed to bring this class of drugs to clinical use.
